Permian-Triassic boundary (PTB) 
INTRODUCTION
The end-Permian extinction was the greatest of all extinctions, with a massive loss of species in the marine environment (up to 95%) and a nearly equally large loss of life on land (Raup, 1979; King, 1991; Maxwell, 1992; Erwin, 1993 Erwin, , 1994 Retallack, 1995) . The extinction and subsequent rediversification extensively reorganized the character of marine and terrestrial life. Despite intensive study of numerous marine and terrestrial Permian-Triassic boundary (PTB) sections from around the world (e.g., China, Japan, Australia, Austria, India, Pakistan), the causes of the extinction and paleooceanographic conditions in its aftermath remain unclear.
Recent geochronologic data suggest the extinction may have resulted from some relatively rapid event or cascade of events (Bowring et al., 1998; Rampino et. al, 2000; Jin et al., 2000) . Debate continues, however, about the cause of the extinction, and evidence supporting a wide range of mechanisms has been published (Wignall and Hallam, 1992; Knoll et al., 1996; Isozaki, 1997; Retallack et al., 1998; Krull and Retallack, 2000; Becker et al., 2001 ; among many others). Frequently discussed causes of the FIGURE 1-Early Triassic paleogeographic map of the Nanpanjiang Basin compiled from regional geologic maps (Guangxi Bureau of Geology and Mineral Resources, 1985; Guizhou Bureau of Geology and Mineral Resources, 1987) . Abbreviations for field localities are as follows: Yangtze Platform: GMϭ Gaimao, PZCϭPazichang, LCϭ Longchang. Great Bank of Guizhou: GDϭGuandao, HPϭHeping, BGϭ Bangeng. Pingguo Platform: PGϭ Pingguo, LLϭLonglan, TPϭTaiping. Debao and Chongzuo platforms: BBϭBabie, NMϭ Namang section, UNϭ unnamed PTB section southwest of Chongzuo. Inset is a tectonic map of south China modified from Sun et al. (1989) .
extinction include: global warming associated with atmospheric buildup of volcanic CO 2 , development of stratified anoxic oceans, regression of oceans from the continents and reduction of shallow-marine habitats, atmospheric release of frozen methane deposits contributing to global warming, transgression and/or overturn of anoxic or CO 2 -charged oceans, and meteorite impact (Wignall and Hallam, 1992; Erwin, 1993 Erwin, , 1994 Knoll et al., 1996; Krull and Retallack, 2000; Becker et al., 2001; De Wit et al., 2002; among others) .
The purpose of this paper is to document marine PTB sections of southern China that contain a peculiar and widespread microbial facies, but have received little attention. The sections contain calcified coccoid cyanobacterial structures similar to Renalcis developed in shallow-marine carbonate-platform environments during and immediately following the end-Permian extinction. Petrographic details of the calcimicrobial facies were reported previously from a Permian-Triassic section in the Great Bank of Guizhou in the Nanpanjiang Basin of southern Guizhou Province ( Fig. 1 ; Lehrmann, 1999) . In this paper the stratigraphy and facies are documented in more detail and it is demonstrated that the calcimicrobial facies occurs in four isolated carbonate platforms spread across more than 300 km in Guizhou and Guangxi (Fig. 1) . Finally, a detailed conodont biostratigraphy is presented that places the calcimicrobial framestone in the basal Griesbachian Hindeodus parvus zone . Sections in the southern part of the basin contain volcanic ash interbeds that may provide absolute age constraints.
Similar calcimicrobial facies have been reported from shallow-marine PTB limestone from Sichuan (Kershaw et al., 1999) and Japan (Sano and Nakashima, 1997) . Fabrics of the microbial facies in Guizhou, Guangxi, Sichuan, and Japan are nearly identical, although in Sichuan the microbial fabric apparently has a more digitate character and is recrystallized (compare figures in Kershaw et al., 1999; Lehrmann, 1999 ; and Sano and Nakashima, 1997, with those in this pa-per). Conodont biostratigraphy now places the calcimicrobial framestone horizon from all areas primarily in the basal Griesbachian Hindeodus parvus zone (Sano and Nakashima, 1997; Kershaw, pers. comm., 2002) .
Further detailed study of these PTB sections offers promise for unraveling oceanic conditions associated with the end-Permian mass extinction and its aftermath. Previous studies have reported microbial facies in the aftermaths of mass extinctions and have interpreted them as a default facies or disaster-taxa that flourished in marine environments in the absence of grazing and frame-building metazoans (Pratt, 1982; Schubert and Bottjer, 1992; Sano and Nakashima, 1997; Webb, 1998; Whalen et al., 1998) . The implication of this interpretation is that microbial structures represent merely the ecological effect of eliminating large grazing and skeleton-producing organisms, and do not necessarily represent the conditions that caused the extinction. It is acknowledged that the disaster-taxa response probably played a role in development of the microbial facies in China and Japan. However: (1) the abrupt occurrence of the calcimicrobial facies across such an extensive area of the eastern Tethys and Panthalassa, and (2) the development of the calcimicrobial facies only within a specific set of environmental circumstances indicate that it may represent a widespread and prolonged oceanic event associated with the extinction. If this interpretation is correct, the repeated abrupt occurrences of similar calcimicrobial horizons in the Upper Scythian (Olenekian) strata of the Nanpanjiang Basin indicate that detrimental oceanic conditions associated with the extinction may have continued through the Lower Triassic and delayed biotic rediversification until the beginning of the Middle Triassic (see Lehrmann et al., 2001) .
The sections reported herein also warrant further detailed study because, unlike many other PTB sections that have been studied intensively, they neither contain evidence for an abrupt change in environment or water depth, nor are highly condensed basinal facies (as compared with sections from Tesero, Italy; Selong, Tibet; Meishan, south China; and Guryul Ravine, India (Wang et al., 1989; Shen et al., 1995; Wignall et al., 1995; Yin et al., 1996) .
SETTING
Permian-Triassic boundary sections described herein are from isolated shallow-marine carbonate platforms: the Great Bank of Guizhou (GBG), the Pingguo Platform, the Debao Platform, and the Chongzuo Platform in the Nanpanjiang Basin of Guizhou and Guangxi, south China (Fig. 1) . The Nanpanjiang Basin was bordered on the north and west by the vast carbonate Yangtze Platform, and faced the Tethys to the east and south (Fig. 1) . The entire region resides in the Yangtze Plate (Enos, 1995; Xü et al., 1997) , which was located in the Eastern Tethys near the equator during the Permian, progressively rotated counter-clockwise and migrated northward to approximately 12ЊN latitude by the beginning of the Middle Triassic, and eventually docked with the North China Plate during the Late Triassic or Early Jurassic (Klimetz, 1983; Sengör, 1987; Enkin et al., 1992; Van-der-Voo, 1993 , Enos, 1995 Li, 1998; Paul Montgomery, 2002 , unpublished paleomagnetic results from southern Guizhou).
The Great Bank of Guizhou (GBG) is the northernmost isolated platform in the basin (Fig. 1) . The GBG evolved from a low-relief bank with 50-100 m of relief that was rimmed with oolite shoals and gentle basin-margin slopes in the Late Permian and Early Triassic ( Fig. 2A) , to a Tubiphytes reef-rimmed platform with more than 400 m of relief and steep basin-margin slopes in the Middle Triassic (Anisian-Early Ladinian). Finally, the GBG developed into a high-relief erosional escarpment before it was drowned and buried by siliciclastic turbidites at the beginning of the Late Triassic (Lehrmann et al., 1998) . In the middle of the basin, the Pingguo Platform formed as a low-relief bank in the Late Permian and Early Triassic. During the Middle Triassic, platform-interior deposition shifted to siliciclastics concurrent with the growth of smaller pinnacle platforms with Tubiphytes reefs ( Fig. 2B ; Druke et al., 2001) . Although the Debao Platform is complicated structurally, reconnaissance mapping indicates a similar architecture to that of the Pingguo (Fig. 1) .
The Chongzuo Platform, in the southernmost part of the basin (Fig. 1) , began in the Late Permian shallow-marine carbonate facies, developed a low-relief platform with shallow-marine oolites, lime mudstone, and dolomite in the Early Triassic, and was buried by volcaniclastics and siliciclastics in the later Scythian and beginning of the Middle Triassic (Anisian) (field observations, 1999; Pei Donghong, pers. comm., 2000) . Thus, the Chongzuo Platform is similar to the Pingguo Platform, but lacks the Middle Triassic pinnacle platforms. The north-to-south differences in platform architecture have been interpreted as the result of differential foreland-basin subsidence beginning in the Middle Triassic (Koenig et al., 2001) . Despite these different subsidence histories during the Middle Triassic, the facies succession across the PTB is remarkably similar among the platforms (see section below).
REGIONAL STRATIGRAPHY OF PTB SECTIONS
From base to top, the facies succession of PTB sections in isolated platforms of the Nanpanjiang Basin consists of: (1) cherty skeletal lime packstone with diverse normalmarine fossils in the uppermost Permian, overlain by a sharp contact with; (2) calcimicrobial framestone in the basal Griesbachian with interbeds of; (3) molluscan limegrainstone, followed by a thin interval of; (4) microgastropod packstone, and, finally; (5) platy, thin-bedded limemudstone (Table 1, Figs. 3, 4) . The facies succession is similar in all isolated platforms in the basin (Fig. 1) , except for the greater number of volcanic ash horizons in the Pingguo Platform and siliciclastic mudstone at the boundary in the Debao and Chongzuo platforms. PTB strata are exceptionally well exposed in numerous sections in the Great Bank of Guizhou and the Pingguo Platform (Fig. 2) .
Great Bank of Guizhou
Continuous PTB successions are exposed in several sections in the interior of the Great Bank of Guizhou (GBG) on the east limb of a syncline between Guandao and Bangeng (Figs.1, 2 ). In the platform interior, the Upper Permian Wujiaping Formation consists of thick, massive-bedded skeletal lime-packstone with chert nodules (Figs. 2A, 3, 5A) . Fossils in the upper Wujiaping Formation include crinoids (Fig. 5 B, C) , brachiopods (Fig. 5B, C) , bryozoans, sphinctozoan sponges (Fig. 5C ), rugose corals (Fig. 5B ), dasycladacean algae (Fig. 5D) , fusulinids (Fig. 5A, D) , other foraminifera (Fig. 5E ), and Tubiphytes (Fig. 5F ). In the Heping and Dajiang sections, the upper meter of the Wujiaping Formation is composed of non-fusulinacean foraminifera and fragmented shell material. Large skeletal fragments, especially of corals, brachiopods, and echinoderms, are absent, suggesting an apparent decrease in fossil diversity. However, Palaeofusulina and the Changxingian foraminifers Colaniella and Nodosaria occur at the very top of the Wujiaping Formation at Langbai section (Figs. 2A, 5E, 6C), and rugose corals occur at the top of the formation at Dawen section ( Figs. 2A , 5B).
The Wujiaping Formation is overlain by 8-16 m of calcimicrobial framestone that has a distinctive wavy, nearly stromatolitic appearance in outcrop (Fig. 6A) . The calcimicrobial framestone is composed of irregular to dendritic black globular fossils similar to Renalcis that surround an interconnected network of irregular primary cavities filled with lime-mud and skeletal debris ( Fig. 6B, C ; see detailed facies description in following section). The calcimicrobial framestone lacks recognizable Permian macrofossils and overlies the Wujiaping Formation across a either sharp, planar contact, or an undulating feather-stylolitized contact (Fig. 6C) . The contact and underlying strata contain no evidence of erosion or subaerial diagenesis. At the Dawen and Heping sections (Figs. 2A, 3 ) the calcimicrobial framestone contains several interbeds of molluscan limegrainstone (Fig. 6D, E) ; at the Dajiang, Rungbao, and Langbai sections, it lacks the interbeds. The calcimicrobial framestone is overlain by a skeletal packstone interval a few meters thick that is composed mostly of minute gastropods (microgastropod packstone, (Figs. 2A, 3) . Thin, discontinuous claystone horizons occur in the Upper Wujiaping Formation and above the calcimicrobial framestone (Fig.  3) . Geochemical and petrographic analyses of one of the claystone horizons near the top of the Wujiaping Formation at the Rungbao section revealed that it is a volcanic ash with rhyolitic composition (Trent Newkirk, pers. comm., 2002) .
Closely spaced samples from the Heping section yielded abundant conodonts. The Upper Wujiaping Formation at Fig. 2A ). The lowermost sample from the calcimicrobial framestone was collected 65 cm above the base of the unit and contains Hindeodus parvus (Figs. 3, 7B) . Hindeodus parvus occurs up-section through the calcimicrobial framestone and into the limemudstone of the Daye Formation (Fig. 3) . The first occurrence of H. parvus is used widely to define the base of the Triassic, Griesbachian (Paull and Paull, 1994; Orchard et al., 1994; Yin et al., 1996) . Thus, the conformable biostratigraphic PTB is interpreted to occur somewhere within the basal 65 cm of the calcimicrobial framestone at Heping (Fig. 3 ). Samples collected from the base of the calcimicrobial framestone at Dawen ( Fig. 2A ) lack H. parvus. Conodont data from the Taiping section on the Pingguo platform (discussed below) support the interpretation that the biostratigraphic PTB occurs within the lower part of the calcimicrobial framestone. The PTB-event horizon, marking the greatest loss of Permian fossils, is interpreted to occur at the contact between the skeletal packstone of the Wujiaping Formation and the calcimicrobial framestone (Fig. 3) . The microgastropod packstone above the calcimicrobial framestone contains extremely abundant Isarcicella isarcica, I. staeschi, and H. parvus (Figs. 3, 7B-E). The consecutive first occurrence of H. parvus followed by I. isarcica places the calcimicrobial framestone in the basal Griesbachian H. parvus zone (Yin et al., 1996) . The microgastropod packstone consistently yielded abundant I. isarcica and H. parvus in the Dawen, Dajiang, and Rungbao sections (Fig. 3) . The calcimicrobial framestone extends continuously across the interior of the GBG ( Fig. 2A) . The unit was mapped to the northern margin of the GBG where it gradually thins and pinches out near the platform margin ( Fig.  2A ). In the area at and just south of the pinch out, the calcimicrobial framestone overlies a thin interval of silicious lutites of the Upper Permian, Dalong Formation ( Fig. 2A) . The Dalong Formation contains the Changxingian ammonoids Rotodisoceras, Pseudotirolites, and Pleuronodo-FIGURE 3-Heping PTB section with biostratigraphic data. The PTB event horizon is marked by the last occurrence of diverse Permian fossils at the top of skeletal packstone of the Wujiaping Formation. The biostratigraphic Permian-Triassic boundary is defined by the first appearance of Hindeodus parvus slightly higher, in the lower part of the calcimicrobial framestone. See Fig. 2 for location. FIGURE 4-Taiping PTB section with biostratigraphic data. Lithofacies and fossil symbols same as those shown in Fig. 3 . The biostratigraphy of Yang et al. (1999) , calibrated to the facies in our section, indicates that the biostratigraphic Permian-Triassic boundary occurs approximately 1 m above the base of the calcimicrobial framestone. Similar to Heping section, the PTB event horizon, marked by loss of recognizable Permian macrofossils occurs slightly lower, at the top of the skeletal packstone of the Heshan Formation. See Fig. 2 for location.
ceras (Guizhou Bureau of Geology and Mineral Resources, 1987) . The lateral stratigraphic pattern confirms the biostratigraphic interpretation from interior sections and supports the interpretation that the calcimicrobial framestone formed only in shallow-marine environments of the platform interior. If the calcimicrobial framestone is projected as a continuous deposit across the interior of the GBG, it extends over an area of approximately 2000 km 2 .
Pingguo Platform
Continuous PTB successions are exposed in several sections in the interior of the Pingguo Platform along a complex northeast-southwest trending anticline-syncline pair that extends from Pingguo in the south to Longlan in the north (Figs. 1, 2B ). The best-exposed section is in the center of the platform, east of the town of Taiping (Fig. 2B) . The facies succession at Taiping section is remarkably similar to that of the Heping section (Fig. 4) . The upper part of the Upper Permian Heshan Formation consists of thick-bedded cherty skeletal lime-packstone containing brachiopod fragments, gastropods, bivalves, echinoderms, foraminifera, fusulinids, dasycladacean algae, and a few rugose corals. The Heshan Formation is abruptly overlain across a sharp, planar contact by 4.6 meters of calcimicrobial framestone with individual mounds up to 1 m tall (Figs. 4, 8A) . The calcimicrobial framestone is devoid of recognizable Permian fossils. The contact shows no evidence of erosion, dissolution, or stylolite development. Above the calcimicrobial framestone is a thin microgastropod wackestone and an interval with a few ammonoids, followed upward by thin platy-bedded lime-mudstone of the Lower Triassic, Majiaoling Formation (Fig. 4) . The primary difference between the successions of the Pingguo Platform and the GBG is the presence of several relatively thick volcanic tuffs in the Heshan Formation and overlying the calcimicrobial framestone (Figs. 4, 8A) . The calcimicrobial framestone on the Pingguo Platform also contains individual mounds, and is somewhat thinner than the equivalent unit on the GBG (Fig. 8A, B) .
The upper Heshan Formation contains the fusulinids Nankinella, Spaerulina, and Condofusulina, as well as the conodont Hindeodus latidentalus, indicating an uppermost Permian Changxingian age . Fusulinids were observed immediately below the contact with the overlying calcimicrobial framestone. The calcimicrobial framestone contains the basal Griesbachian conodont H. parvus (Fig. 4) . Although samples from the section did not yield abundant conodonts, Hindeodus parvus was extracted from the middle of the calcimicrobial framestone (Fig. 4) . However, Yang et al. (1999) succeeded in constructing a detailed conodont biostratigraphy for the Taiping section.
The biostratigraphy of Yang et al. (1999) can be calibrated to our section by correlating the top of the cherty Heshan Formation and the volcanic ash horizons (compare Fig. 4 with Yang et al., 1999, fig. 2 ). The calibrated biostratigraphy of Yang et al. (1999) thus indicates: (1) the absence of H. parvus and presence of H. latidentalus in the basal meter of the calcimicrobial framestone; (2) the first occurrence of H. parvus about 1 meter above the base of the calcimicrobial framestone; and (3) the first occurrence of I. isarcica 26 m above the top of the calcimicrobial framestone, within the thin-bedded lime-mudstone of the Majiaoling Formation. The Taiping biostratigraphy thus places the biostratigraphic PTB approximately 1 m above the base of the calcimicrobial framestone, consistent with our results from the Heping section. Unlike the Heping section, however, Yang et al.'s (1999) placement of the first occurrence of I. isarcica indicates that the calcimicrobial framestone occupies only the lower part of the H. parvus zone.
The calcimicrobial framestone was mapped across several easily accessible canyons along strike south of Taiping toward the southern margin of the platform. The calcimicrobial framestone and facies successions of the PTB maintain similar characteristics to the south. At Laying (Fig. 2B ) dome-and oval-shaped mounds with up to 50 cm of relief are spectacularly exposed on bedding surfaces. Conodont samples from the calcimicrobial framestone at Laying yielded abundant H. parvus. The calcimicrobial framestone extends to the northern margin of the platform at Longlan (Fig. 2B) . As is the case with the GBG, field mapping suggests the calcimicrobial framestone extends as a continuous unit across the shallow-marine platform-an area of approximately 2000 km 2 . Debao and Chongzuo Platforms PTB sections were examined during reconnaissance mapping in the Debao and Chongzuo platforms in central and southern Guangxi (Fig. 1) . In both areas the PTB sections are poorly exposed compared with those of the Pingguo Platform.
The PTB at the Babie section in the interior of the Debao Platform (Fig. 1) changes upward from cherty skeletal lime-packstone of the Heshan Formation with Permian macrofossils to a covered interval with tabular fragments of bedded chert in the float (probable siliceous lutite of the upper Permian, Dalong Formation), followed by a poorly exposed brown shale about 20 m thick with isolated exposures of calcimicrobial lime-framestone. This interval is overlain by a thick succession of well-exposed flaggy, thinbedded lime-mudstone of the Majiaoling Formation.
In several areas of the Chongzuo Platform, the PTB is an unconformity with substantial truncation, suggesting tectonic instability and erosion. At the Jiangzhou section in the center of the Chongzuo Platform, for example, Lower Permian skeletal limestone containing Neoschwagerina is overlain by an erosional truncation surface and conglomerate, followed up-section by lime-mudstone of the Majiaoling Formation. At one unnamed locality southwest of Chongzuo ( Fig. 1; 22Њ10 .926'N, 107Њ06.297E), skeletal packstone of the Heshan Formation is overlain by a recessive brown shale containing lenses of calcimicrobial framestone. PTB sections in deep-marine facies south of the Chongzuo Platform lack the calcimicrobial framestone (e.g., Namang section; Fig. 1 ).
Although the Debao and Chongzuo PTB sections differ in containing shale near the boundary, the fabrics of the calcimicrobial framestone are identical to those of other areas. If the calcimicrobial framestone once extended across the entire area of the Chongzuo and Debao platforms, the total depositional area of the calcimicrobial framestone, including the GBG and Pingguo Platform, would have exceeded 10,000 km 2 . 
Yangtze Platform
Continuous PTB sections are exposed in numerous localities across the vast Yangtze Platform that surrounds the Nanpanjiang Basin in southern Guizhou ( Fig. 1 ; Guizhou Bureau of Geology and Mineral Resources, 1987) . The PTB horizon in these sections differs from those of the isolated platforms in that it lacks calcimicrobial framestone and is developed entirely in marine shale.
In the Gaimao section, south of Guiyang, and the Pazichang section, along the northern margin of the basin (Fig.  1) , Upper Permian strata consist of cherty skeletal limestone of the Changxing Formation or upper Wujiaping Formation containing corals, sponges, brachiopods, bryozoans, and fusulinids, followed by a few meters of chert and shale interbeds of the Dalong Formation. The PTB occurs within a brown, marine shale containing weathered volcanic ash beds. The lower part of the shale contains large brachiopods and is considered to be Late Permian in age. The upper part contains abundant bivalves of the genus Claraia and is thus considered to mark the basal Triassic (Wei Jiayong, unpublished observations). Shale in the overlying Daye Formation alternates with laminated and burrowed lime-mudstone. The shale interbeds decrease in number upward in the Daye Formation until the section is composed almost entirely of thin-bedded, horizontally burrowed lime-mudstone. The Daye Formation at Gaimao and Pazichang contains slump folds and muddy debris-flow breccias, suggesting a mid-to distal-ramp position.
The Lower Triassic Daye Formation is part of a broad lime-mud-dominated ramp complex that changes gradually, almost imperceptibly, basinward into the Luolou Formation by decrease in horizontal burrows, increase in horizontal lamination, and increase in shale interbeds. The Daye Formation changes gradually landward into the Yelang Formation by an increase in oolite intervals and reddish tan siliciclastic mudstone interbeds.
The PTB at Longchang, in the interior of the Yangtze Platform ( Fig. 1 
FACIES AND ENVIRONMENTS
Detailed interpretations of depositional environments are from field observation and petrography of thin sections of the Great Bank of Guizhou and the Pingguo Platform (Table 1) . The facies and fossils present indicate shallow-subtidal environments with open-marine conditions in the Permian and basal Triassic, followed eventually by a change to shallow, restricted-marine environments in the Late Griesbachian (Table 1; Figs. 3, 4) .
Cherty Skeletal Packstone
The cherty skeletal packstone of the Upper Permian Wujiaping and Heshan formations is interpreted to represent a shallow-subtidal, open-marine platform environment with relatively low to moderately high current energy (Table 1) . The diverse normal-marine biota (Fig. 5) and presence of green algae (Fig. 5D) indicates shallow photic-zone conditions and open-marine circulation (Table 1) . Mud-poor intervals with infiltrated lime-mud indicate winnowing by wave action (Fig. 5C, D) . Homogenous mud-rich packstone intervals may have been bioturbated thoroughly.
Calcimicrobial Framestone
Calcimicrobial framestone of the Lower Triassic, Griesbachian is interpreted to represent shallow-subtidal, open-marine environments similar to the environment of deposition of the underlying Permian skeletal packstone (Table 1 ). The framework is composed of equant to lunate globular fossils with micrite walls that form irregular, tufted, and dendritic aggregates surrounding irregular internal cavities 1-3 cm across (Table 1 ; Fig. 6B, C) . These structures are interpreted to be a form of calcified, coccoid cyanobacteria similar or identical to Renalcis (Lehrmann, 1999) . Internal cavities have irregular margins surrounded by the globular primary framework and contain no evidence of dissolution (Fig. 6B, C) . Cavities are filled partially with lime mud and skeletal internal sediment forming geopetals (Fig 6C) . Small wrinkly domal structures, which may be stromatolites, locally occur in the framestone (Fig. 8C) . The rock contains about 1% total organic carbon content, which is consistent with the interpreta- Fig. 2B ). Hammer for scale. (C) polished slab of calcimicrobial facies from Taiping. Scale bar is 1 cm. Note small domes which appear to be small digitate stromatolites (s), black globular Renalcis like framework (r), and small gastropods (g). Light-gray areas are micrite, which partially fills internal cavities (i).
tion that the framework is composed of calcified cyanobacteria (Krull and Lehrmann, 2001) .
The environment of deposition is difficult to interpret without the context of the interbedded skeletal grainstone and metazoan fossils contained within the framework. Calcified cyanobacteria flourish in a great variety of environments, including saline lagoons (Playford and Cockbain, 1976) , open-marine platforms (Gebelein, 1976) , and even in anaerobic or acidic environments (Schopf, 1992) . The calcimicrobial framestone lacks sedimentary or diagenetic evidence for hypersalinity or tidal-flat conditions. The occurrence of interbedded molluscan grainstone with normalmarine fauna indicates wave agitation and free exchange of seawater across the area during the deposition of calcimicrobial framestone (Table 1 ). The occurrence of echinoderms and articulate brachiopods within the framestone also supports open-marine conditions (Table 1) .
Molluscan Grainstone
Grainstone and packstone beds, composed mainly of fragmented bivalves, are intercalated with the calcimicrobial framestone at Heping and Dawen in the Great Bank of Guizhou and at Laying in the Pingguo Platform (Table   1 , Fig. 2 ). The presence of articulate brachiopods and echinoderms argue for an environment with normal-marine salinity. The grainy texture and fragmented fossils (Fig.  6D, E) indicate a shallow-marine environment subject to wave action and possibly storm events exchanging marine water across the platform interior. Shell fragments may be oriented randomly or aligned parallel to bedding. Rarely, the packstone contains infiltrated lime-mud and peloids perched on shell fragments (Fig. 6E) . The low-diversity biota is interpreted to represent a drop in biodiversity in the immediate aftermath of the end-Permian extinction rather than restricted marine circulation.
Grainstone beds within the calcimicrobial framestone are broadly lenticular and discontinuous between sections. In the Great Bank of Guizhou, grainstone interbeds are abundant in Dawen and Heping sections, but pinch out laterally and are absent in Dajiang section (Fig. 2) . The broad lenticular or intertonguing geometry of the grainstone beds and the fact that the interlayers of calcimicrobial framestone contain similar metazoan fossils (e g., bivalves, echinoderms, and brachiopods; Table 1) indicate that these two facies were deposited as adjacent mosaics in coeval, shallow-subtidal environments rather than as the result of temporal alternation between differing environments.
Microgastropod Packstone
Skeletal packstone, in places composed almost entirely of minute gastropods 1-2 mm in diameter, overlies the calcimicrobial framestone (Table 1, Fig. 6F ). The muddy texture of this facies and the absence of open-marine fauna, except for a few small articulate brachiopods, suggest a change to a low-energy lagoonal environment with restricted-marine circulation.
Lime-Mudstone
The thin-bedded lime-mudstone of the Daye and Majiaoling formations, overlying the microgastropod packstone, contains a few scattered bivalves and gastropods and a few thin beds of oolite packstone (Table 1) . The lowdiversity fauna suggests a shallow, restricted-marine lagoonal environment. The homogenous structure of the lime-mudstone suggests extensive bioturbation, but the paucity of discrete burrows, burrow mottling, and bedding-plane traces is puzzling.
Rhyolitic Ash Tuff
Several beds of volcanic tuff with abundant glass shards, embayed quartz, and fragmented feldspar phenocrysts punctuate the PTB interval at Taiping in the interior of the Pingguo Platform (Table 1, Figs. 4, 8A) . Chemical analysis shows the volcanic horizons to be rhyolitic in composition (Trent Newkirk, pers. comm., 2002) . The presence of lamination in tuff horizons of the Pingguo Platform and marine fossils in tuffaceous claystone of the GBG indicate that these are water-lain ash deposits. DISCUSSION PTB sections from isolated carbonate platforms in the Nanpanjiang Basin are significantly different in facies succession from sections that have been studied intensively in southern China, Tibet, India, Italy, and Austria (Table 2). The main difference lies in the presence of the calcimicrobial boundary facies and in the interpretation that there is no major change in sea-level or change in depositional environment across the boundary-i.e., they were deposited entirely in open, shallow-marine carbonate environments. Most other sections are interpreted to exhibit a regression in the Upper Permian and/or a major transgression in the Lower Triassic (Table 2) . However, the PTB sections of the Nanpanjiang Basin are remarkably similar to sections described from shallow-marine carbonate strata in Sichuan, China and southern Japan (Table 2 ; Kershaw et al., 1999; Sano and Nakashima, 1997) .
Detailed mapping shows that calcimicrobial framestone occurs only within the interior of platforms and pinches out basinward (Fig. 2A) . This fact, along with the associated shallow-marine facies containing normal-marine benthic fossils, demonstrates that the calcimicrobial framestone formed along the PTB only in the shallow, open-marine interior of carbonate platforms. The presence of grainstone interbeds with an open-marine fauna, and open-marine fossils within the calcimicrobial framework, indicates circulation of marine waters across the platforms and rules out the possibility that the calcimicrobes formed in restricted-lagoon environments. Widespread distribution of the calcimicrobes on all of the carbonate platforms in the basin also suggests regional, basin-wide environmental conditions rather than local environmental control on deposition. The lack of calcimicrobial framestone in the Yangtze Platform in southern Guizhou is surprising. Three major differences between the environments of the Yangtze Platform ramp complex and the isolated carbonate platforms of the basin that may explain the difference include: (1) absence of a sufficiently grainy substrate in the lime-mud facies of the Daye Formation, (2) greater siliciclastic flux, and (3) less vigorous water circulation across the ramp.
Biostratigraphic correlation of the Heping section of the Nanpanjiang Basin with the GSSP at Meishan section in southeast China (Table 2, Fig. 3 ; Yin et al., 1996; Jin et al., 2000) is possible using conodonts and foraminifera. At both Meishan and Heping the main extinction event occurs below the biostratigraphically defined Permian-Triassic boundary, but is clearly recognized by the abrupt loss of diverse Permian fossils. In the Meishan section the major extinction event occurs at the base of bed 25 (Jin et al., 2000) , while in the Heping section it occurs at the contact between the skeletal packstone of the Wujiaping Formation and the calcimicrobial framestone (Fig. 3) .
The biostratigraphic PTB is defined by the first occurrence of Hindeodus parvus at the base of bed 27c at Meishan. Hindeodus parvus first occurs within the basal 65 cm of the calcimicrobial framestone at Heping (Fig. 4) . The consecutive first occurrences of H. parvus followed by Isarcicella isarcica define the parvus zone, which is the lowest biostratigraphic zone of the Triassic. The parvus zone is recorded as an 8-cm interval of silty limestone and marl at Meishan (beds 27c,d), and is correlated with the upper 13.5 m of calcimicrobial framestone at Heping (Fig. 3) . The GSSP at Meishan is an extraordinarily condensed section, with average sediment accumulation rates of only ϳ0.03 cm/ky, as determined by high-resolution geochronology (Bowring et al., 1998) . The PTB horizon at Meishan (beds 25-27d) represents 0.7 Ϯ 0.6 My (see Bowring et al., 1998, fig. 2) based upon constraints from zircons in beds 25 and 28. In comparison, the equivalent interval at Heping is ϳ50 times greater in thickness. Biostratigraphic correlation between Heping and Meishan allows the correlation of time constraints and the estimation of sedimentation rates for the two sections. The average sedimentation rate at Meishan was ϳ0.024 cm/ky (0.013-0.17 cm/ky) and at Heping was ϳ2.02 cm/ky (1.088-14.15 cm/ky).
Taking the first occurrences of H. parvus and I. isarcica at Meishan and Heping as temporally equivalent, it is possible to subdivide this interval into the time between the extinction horizon and the biostratigraphic Permian-Triassic boundary, and the Early Triassic parvus zone. Assuming constant sedimentation at the Meishan section, the basal 65 cm of the calcimicrobial framestone was deposited in ϳ690 ky, with a sedimentation rate of ϳ0.09 cm/ ky at Heping, and the overlying 13.5 m of calcimicrobial framestone was deposited in ϳ610 ky with a sedimentation rate of ϳ2.21 cm/ky. This correlation indicates that the post-extinction beds at Heping are condensed, but still Abrupt, boundary clays 8 cm Yang et al., 1995; Yin et al., 1996; Jin et al., 2000; Xulong et al., 2001 . Rampino et al., 2000; Schönlaub, 1991 represent a sedimentation rate ϳ7 times that at Meishan. The overlying calcimicrobial framestone in the parvus zone represents sedimentation rates more than 150 times that at Meishan. Reversing the process by assuming constant sedimentation at Heping produces qualitatively similar results. In this case, however, the boundary interval would represent ϳ60 ky, whereas the parvus zone would represent ϳ1.24 My. The apparent changes in sedimentation rate (at Meishan, Heping, or both) indicate depositional hiatuses and/or fluctuating depositional rates at one or both sections, or temporal differences between sections in the timing of the first observation of H. parvus, I. isarcica, or both, however, it is clear that the sedimentation rate at Heping on the GBG was greater than at the GSSP at Meishan through the PTB interval and the parvus zone. The thickness of the parvus zone appears comparable between the Heping section and the Mazzin member of the Werfen Formation in Italy (Table 2; Wignall et al., 1989) , although the parvus zone is somewhat thicker in the Gartnerkofel-1 core from Austria (Table 2 ; Shön-laub, 1991) . The calcimicrobial facies in the Nanpanjiang Basin accumulated for a maximum of 1.3 My immediately after the extinction. The expanded nature of the PTB interval at Heping offers the possibility of a much higherresolution geochemical and paleobiological record than is possible at Meishan. The occurrence of calcimicrobial framestone on several carbonate platforms in the Nanpanjiang Basin of Guizhou and Guangxi, in Sichuan province (Kershaw et al., 1999) , and in southern Japan (Sano and Nakashima, 1997) demonstrates a remarkably widespread uniformity of depositional facies in the aftermath of the extinction event. Although Sano and Nakashima (1997) suggested the microbial framestone of southern Japan was deposited in a tid-al-flat environment, their descriptions of the framestone include stenohaline fauna, such as crinoids and articulate brachiopods, and lack definitive evidence for subaerial exposure. Thus, it is herein interpreted that the calcimicrobial framestone of southern Japan was deposited in an open-marine, subtidal environment indistinguishable from that interpreted for the Nanpanjiang Basin. The same calcimicrobial facies occurs throughout the Olenekian in the interior of the GBG ). Stromatolites of the same age occur in the Virgin Limestone Member of the Moenkopi Formation of the western United States in a subtidal, normal-marine deposit (Schubert and Bottjer, 1992) . Early Triassic stromatolites and microbial mounds also are recorded in Poland (Peryt, 1975) , Jordan (Makhlouf, 2000) , and Iran (Taraz et al., 1981) in similar shallow-marine tropical settings. Therefore, an interpretation of the calcimicrobial facies must take into account both the widespread nature of the facies in the immediate aftermath of the extinction, and its repeated occurrence throughout the Early Triassic.
The most frequently cited explanation for the abrupt and widespread occurrence of microbialites and stromatolites in the aftermath of mass extinctions is the elimination of metazoan grazing pressure (Pratt, 1982; Schubert and Bottjer, 1992; Sano and Nakashima, 1997; Webb, 1998; Kershaw et al., 1999; Lehrmann, 1999) . This explanation is primarily ecological in nature, and suggests that microbialites and stromatolites represent a default ecology (disaster-taxa) that flourishes when metazoan reefbuilders and grazers are absent. Such a control on the accumulation of stromatolitic deposits has been observed in the Bahamas (Steneck et al., 1998) . Lehrmann (1999) , Lehrmann et al. (2001) , and Kershaw et al. (1999) acknowledged that this ecological scenario may explain the observations, but, following the hypercapnia hypothesis of Knoll et al. (1996) , they also speculated that unusual oceanic conditions, such as upwelling of anoxic or CO 2 -rich waters, may have stimulated the deposition of the calcimicrobial facies. High levels of carbon dioxide in anoxic waters upwelling onto the shallow shelf or delivered by overturn of a stratified ocean could explain both the extinction by either hypercapnia or anoxia (see Wignall and Hallam, 1992; Knoll et al., 1996) and the growth of microbialites by the stimulation of photosynthesis and calcification. The abrupt and widespread occurrence of calcimicrobial facies immediately after the endPermian extinction in the Nanpanjiang Basin of south China, in the Sichuan Basin of southwestern China, and in southern Japan strongly suggests the possibility that an abrupt oceanic event occurred across a vast area of the eastern Tethys and western Panthalassa. In this hypothesis, the microbial facies may represent an extremophile ecology that developed during a widespread oceanic event associated with the extinction and thrived for as much as of 1.3 My in its immediate aftermath. Stratigraphic evidence pointing to such an interpretation includes: (1) the abrupt occurrence of calcimicrobial facies across an extensive area of the eastern Tethys and Panthalassa, and (2) the development of calcimicrobial facies only within a specific set of environmental circumstances: shallow-marine carbonate platforms, in the photic zone, with vigorous water exchange, and with grainy substrate. If the alternative disaster-taxa scenario were the only mechanism involved, one would expect a relaxation of substrate and grazing pressure of large metazoans and the development of microbial facies of various types in a wide range of environments and water depths. Microbial facies in the Lower Triassic of south China were found only in the interior of isolated carbonate platforms, not in deeper-water slope or basin environments and not in landward environments of the Yangtze Platform. Kershaw et al. (1999) noted that growth of microbialites, which occurred exclusively on topographic highs, indicated the involvement of photosynthetic bacteria. Such an environmental explanation actively links conditions related to the extinction with those promoting the formation of microbialites and stromatolites. The model is consistent with the distribution of microbial facies observed in the Nanpanjiang Basin, and with the Knoll et al. (1996) model of stratified ocean overturn, high CO 2 levels, and extinction by hypercapnia. Grotzinger and Knoll (1995) and Knoll et al. (1996) hypothesized that anomalously large volumes of marine-carbonate cement and microbial precipitates found in Early Precambrian and Late Permian reefs resulted from stratified ocean conditions and upwelling of deep, anoxic waters enriched in carbonate alkalinity. Similarly, Riding (1997) and Webb (1996) suggested that secular variation of microbialite abundance in reefs was controlled primarily by ocean carbonate saturation state. Thus, the burst of microbialite development in the Early Triassic of south China and Japan may have resulted from upwelling of anoxic, alkaline deep waters during and immediately after the extinction. However, it is puzzling that the Lower Triassic strata of the Nanpanjiang Basin lack abundant macroscopic marine-carbonate cements (cf., Grotzinger and Knoll, 1995; Knoll et al, 1996) that would be predicted from such an upwelling event (see Lehrmann et al., 2001) . If it is correct that the calcimicrobes developed as the result of detrimental environmental conditions in an oceanic event connected with the mass extinction, then those conditions may have continued for several million years throughout the Early Triassic, spurring the accumulation of the calcimicrobes and preventing biotic rediversification until the Early Anisian (see Lehrmann et al., 2001 ). This scenario implies that the continued occurrence of calcimicrobial framestone facies through the Olenekian records the persistence of deep-ocean anoxia (Isozaki, 1997) with occasional upwelling of deep waters onto the shallow shelf. At present, the data are not sufficient to rule out either the disaster-taxa scenario or the oceanic-event scenario. Regardless of the cause of growth of the calcimicrobes, their distribution across southern China and Japan indicates that the ecological response to the PTB event was identical in widely distributed localities. It is likely that the abundance and persistence of microbialites in the Early Triassic result from an interplay of both ecological and environmental factors.
CONCLUSIONS
(1) Carbonate platforms in the Nanpanjiang Basin of Guizhou and Guangxi, south China, contain expanded Permian-Triassic boundary strata, with depositional rates about 50 times greater than the GSSP section at Meishan.
(2) Detailed observations of the fossils, sedimentary structures, and diagenetic features indicate shallow-marine environments with open-marine circulation during deposition of the PTB facies. The PTB sections in the Nanpanjiang Basin contain no evidence for an extended hiatus at the boundary, nor do they show evidence of a significant change in water depth or water energy.
(3) A calcimicrobial-framestone facies is developed on all isolated platforms in the basin immediately above the extinction horizon. Conodont biostratigraphy demonstrates that the calcimicrobial facies formed during the basal Griesbachian H. parvus zone. This facies apparently covered the interior of all four carbonate platforms across the basin, and bears a remarkable similarity to contemporaneous calcimicrobial facies reported from Sichuan province (Kershaw et al., 1999) and southern Japan (Sano and Nakashima, 1997) .
(4) The calcimicrobial framestone appeared synchronously, immediately following the end-Permian mass extinction, across a vast area of the eastern Tethys and Panthalassa, indicating a widespread oceanic event. The repeated occurrence of calcimicrobial framestone during the Olenekian on the Great Bank of Guizhou in the Nanpanjinag Basin suggests that the environmental disturbance associated with the extinction event may have persisted, at least intermittently, throughout the Early Triassic. If this interpretation is correct, the calcimicrobes cannot be interpreted as a disaster-taxa spurred solely by the absence of metazoan grazing pressure.
(5) The expanded nature of the PTB interval in the Nanpanjiang Basin compared to the GSSP at Meishan potentially offers a much higher-resolution geochemical and paleobiological record than is possible at Meishan.
